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SLURRY FILTRATION SYSTEM AND APPARATUS 

Slurries of solids and liquids produced in many manufacturing processes require 
separation of the liquids and solids to produce a desired product or products; the product 
may be either or both the liquid or the solid part of the slurry. Efficiency in accomplishing the 
separation and the quality of the separated liquid or solid with the least amount of 
equipment is the objective of many separating systems. Efficiency in the separation system is 
dependent upon the time taken to accomplish the separation as well as the amount of 
utilities and space needed for the system and the need for multiple pieces of equipment to 
accomplish the separation and quality of separated product The present invention is 
directed to a system and apparatus for efficiently separating liquids from solids in a slurry 
stream with a minimum of equipment and with the use of a limited amount of space and 
utilities while producing the desired end product of a liquid and/or solid product. 

Prior art separating systems have used centrifugal mechanisms for separating liquids 
and solids followed by rotary, flash, fluid bed, or belt dryers for producing a product. Others 
have used diaphragm membrane filters that press liquids from solids followed by drying 
processes for drying the solids. Other filters of the design of the present inventor use a 
pressure filter that includes a filter chamber that distributes a slurry within the chamber and 
follows the filling with liquid or fluid introductions to the chamber to force the separation of 
the liquids from the chamber to leave a solids filter cake of a desired form. 

The present invention is a system using the filter apparatus previously disclosed by the 
present inventor along with peripheral elements for conditioning the slurry prior to entry into 
the filter apparatus and the control of fluid and liquid introduction into the filter apparatus to 
produce a product of desired quality. The system includes a controller for sequentially 
controlling the operation of the. peripheral equipment, for the introduction of the treated or 
conditioned slurry into the filter apparatus, and the control of additional peripheral 
equipment for treatment of the slurry within the chamber for the production of both desired 
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liquids and solids from the filter apparatus in a form desired for the process involved. 

The attached figures illustrate the overall system 10 in block diagram fbrm; the system 
of the present invention includes a filter apparatus and the peripheral apparatus used to 
perform the method of the system. FIG. 1 illustrates an input slurry stream at 12 followed by 
analytical equipment 14 for measuring selected characteristics of the slurry stream. The results 
of the analysis of the characteristics of the slurry stream are passed to q controller 16 where a 
central control of several peripheral pieces of equipment are to be controlled. The slurry 
stream then passes to a heat source 18 where the temperature of the slurry is maintained 
and/or controlled in accord with a preprogrammed specification for the system. The slurry 
then posses to a pH measuring and adjusting apparatus 20 where that characteristic of the 
slurry is measured and adjusted if needed under control of the controller 1 6. For purposes 
that will be later discussed, the slurry stream is them combined with coagulants from 
coagulant source 22, polymers from polymer source A 24 and/or from polymer source B 26 or 
from additional sources of additives as needed. A simplified version may only require a single 
additive (such as polymer) introduction upstream of he filter. The slurry stream then passes to 
a slurry conditioning stage 28 including a mixer 30 for preparing the slurry for feed to a filter 
apparatus 32,as shown in Fig.2. 

The filter apparatus and its peripheral equipment of the system 10 is illustrated in 
block diagram Rg. 2. The filter apparatus 32 includes a slurry input port, an upper plate 36, a 
lower plate 38 that together form a filter chamber 40, and a filter media 42 between the 
upper and lower plates. The filter media is a porous filter belt that passes through the 
chamber when the plates are separated, collects the solids of the prepared input slurry 22 
when the filter is operated with the plates closed, and carries the collected filter cake out of 
the chamber when the plates are separated. A filtrate exit port 44 is attached to the lower 
plate 38 for conducting the liquids separated from the slurry to selected locations as will be 
described later. 
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The filter apparatus is controlled in its operations by the controller 1 6 which includes 
controls for the plate movement apparatus 46, such as hydraulicalty operated equipment 
employed in opening and closing the plates 36 and 38, and the filter media movement 
apparatus 48 for moving the filter media when the plates are separated. The controller 16 
also controls the operation of input streams of several liquids or fluids here shown as "liquid 
clear 0 or cake forming gas at 50, steam at 52, and drying or conditioning gas at 54. These 
and possibly other sources of input to the filter chamber are passed into the chamber 
through a suitable valve means 56 and into input port 58 when the chamber is closed. It 
should be understood that one or more of the gases may serve as one or more of the liquid 
clearing or cake forming gas, steam or drying or conditioning gas. These inputs may be 
introduced by separate input ports as at 58 or may be introduced through a single input port 
34 with suitable valving means. 

Incorporated into this description are the details of the filter apparatus construction 
as shown and described in my prior U.S. patents 5059318, 5292434, 5462677,5477891, 5510025. 
5573667, 561 5713, 6159359, 649181 7 and 6521 135; the disclosures of which are incorporated 
herein by reference. In certain of those patents multiple filter apparatus stacked above 
each other are disclosed as well as shallow chamber filter apparatus that is used in 
accomplishing filtration of difficult to filter slurry streams. 

An objective of the system and apparatus of the present invention is to treat slurries in 
a pressure filter for the extraction of liquid and creating a completely or substantially dry filter 
cake. In some slurry treatment process it is the extraction of liquid or effluent that is desired 
and in others it is the filter cake that is desired. In either case it is the ability of the pressure 
filter and its operation that controls the production of the desired product. It is the 
conditioning of the slurry and the treatment of the cake within the filter that determines the 
success of the separation operation. The creation of the filter cake within the filter can be 
dependent on pretreatrnent operations on the slurry as well as distribution and operations 
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within the pressure filter. The present invention is directed to those operations in treating a 
slurry stream to produce a desired result. 

While many filtering operations are committed to known slurry streams, some streams 
can vary in many aspects. As a first step used in the present system 10, a slurry stream 1 2 is 
first passed through an analytical step for determining such characteristics of the slurry as its 
pH, temperature, pressure, viscosity and the like. That analysis is accomplished in the 
analytical equipment 14. 

Based on the analysis of the slurry stream and the desired end product that is to be 
produced, the slurry stream is then subjected to a series of treatment processes all under the 
control of a controller 16. One such process is the adjustment of the pH in pH adjuster 20 
where a desired pH can be established by adding suitable chemicals. 

A next possible treatment step is the addition of coagulants to the slurry stream from 
the coagulant source 22. Coagulants can be added to the slurry stream to selectively 
prepare certain portions of the slurry stream prior to entry into the filter chamber. The 
selection of a coagulant will be process selective and selected to accomplish a desired 
quality in the slurTy stream. 

A next possible addition to the slurry stream is the addition of polymers that cause the 
slurry to be in a desired condition for filtration. In the process shown in FIG 1 , there are shown 
two sources of polymers; polymer A at 24 and polymer B at 26. Polymers added to a slurry 
stream can selectively collect certain materials in the slurry stream and hold those materials 
in a form that will be more easily separated from the liquids of the stream. 

Each of the treatment and additive possibilities is under the control of the controller 
16 that may have been preprogrammed to accomplish a desired condition for the slurry 
stream. Between each of the additive stages, inline mixers 27a, 27b, 27c, and 27d can be 
provided to assure that the treatment or additive has been adequately mixed into the slurry 
stream to accomplish the desired condition. 
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The treated slurry stream is then fed to a slurry conditioning stage 28 in the form of a 
suitable hopper or container including a mixer 30 for establishing the desired mixing and 
conditioning of the slurry stream for transportation to the filter chamber of the filter apparatus 
32 as shown in FIG 2. 

The filter apparatus 32 is described in my issued patents listed above and includes at 
least one pair of separable plates, upper plate 36 and lower plate 38 that have mating 
cavities for the formation of a filter chamber 40 when the plates are pressed against each 
other. The upper portion of the chamber 40 is adapted to accept input sluny at sluny input 
port 34 and to distribute the slurry uniformly within the chamber. The size of the chamber in 
volume is determined by the characteristics of the slurry being treated and is sometimes very 
shallow, 'A inch to 2 inch, to provide for uniform distribution or may be of greater vertical 
dimension, 6 to 8 inches, for slurries that are easily distributed. The distribution of the slurry 
within the chamber and the effect of even distribution will be described further hereinafter. 
Below the chamber 40 and above the lower plate 38, a filter media 42 is positioned for the 
collection of the solids from the slurry while the liquids are passed through the filter media 
and into the lower plate for discharge at port 44 from the filter apparatus 32. The filter media 
42 is supported within the chamber by suitable means and is sealed by the edges of the 
upper and lower plates as they are mated to form the chamber. The mating of the plates 
forming the chamber and the sealing of the filter media is at elevated pressure so that the 
interior of the chamber can be subjected to pressures as high as 400 psi when applicable. 
The plates can be constructed of suitable material to be able to be subjected to high 
temperatures and pressures as applicable during the operation of the filter apparatus. Such 
material can be metals or plastics that can withstand sustained exposure to the 
temperatures and pressures applied to the apparatus. 

After a controlled amount of slurry has been introduced into the formed chamber 
through valve 57 and properly distributed throughout the chamber, the interior of the 
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chamber is subjected to a controlled series of introductions through a valve 56 and suitable 
input port 58. This input port may be the same port as the slurry input port 34 with suitable 
isolating vdlving. The input port carries liquid clear or cake forming gas from the source 50, or 
steam from source 52, or drying or conditioning gas from source 54. The timing and duration 
of the input of these materials is under the control of controller 16 and in accord with a 
suitable program. 

The introduction of gas, steam or conditioning gas is intended to extract the free 
liquids from the slurry as effluent or filtrate and the filter chamber is designed to pass those 
extracted fluids through the lower plate to the filtrate exit port 44. The extraction of liquids 
from the slurry forms a calce of solids within the chamber in varying degrees of dryness as the 
liquids are extracted as filtrate. To further treat the formed cake and to increase its dryness, 
an initial input of "liquid clear" or cake forming gas which draws a first amount of the liquids 
from the slurry, that gas may be at ambient temperature or at elevated temperature in 
accord with an analysis of the slurry to be treated an in accord with the temperature that 
the slurry can withstand. The system is also adapted to introduce steam to the chamber to 
continue the extraction of liquids from the formed cake. The chamber can also have drying 
or conditioning gas introduced through port 58 to continue the treatment of the cake prior 
to withdrawal from the chamber. Each of the foregoing steps and introductions are under 
the control of he controller 16. 

After the filtrate has been extracted and the cake has been treated to attain the 
desired dryness or condition, the chamber is opened and the filter media moving apparatus 
is operated to move the filter media belt out of the chamber for discharge of the cake to a 
suitable container. The filter media is then cleaned for reuse and reentry to the chamber or 
another segment of filter media is transported into the filter into alignment with the upper 
and lower plates. This system may also be used with disposable media as well as 
recleanable filter media. The plates can then be closed and the process of treating another 
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input of slurry may begin. These cycles are continued in repeating cycles. 

In accord with the present invention, a system and apparatus is disclosed for 
preparing a slurry for separation into filtrate and solids. It has been found that the 
introduction of coagulants and polymers to a slurry can assist in the formation of a cake 
within the filter chamber that wilt permit more effective exposure of the cake to the 
introduction of wash liquids and other gases. This improvement in the formation of the filter 
cake materially assists in the extraction of liquids from the cake and the formation of a drier 
resultant filter cake. The coagulants assist in the formation of paths through the cake for the 
passage of liquids and gases in the extraction process. The polymers also assist in the 
formation of these extraction processes. The interior of the filter chamber may include 
sensing elements for determining the pressure, temperature and dryness of the formed and 
treated cake. 

The introduction of gases, liquids and steam has been found to assist in the formation 
of a desired filter cake. The introduction of hot gas has been found to increase the 
efficiency of extraction of liquids from the cake. The hot gas can be heated from heat 
exchangers associated with the filter apparatus or from peripheral equipment in a 
manufacturing process, shown in FIG 2 as heat recycle, thus improving the efficiency of the 
overall process. 

The use of superheated steam has also been shown to assist in the extraction of 
liquids from a filter cake if the steam can be kept above its condensation point in the 
liquid/vapor condition of the steam. Steam while in its gas phase and above its 
condensation temperature or pressure will extract liquid from the cake. Because the filter 
chamber of the present filter apparatus can be maintained at elevated pressure and 
elevated temperature, the use of superheated steam can be used in the present system. 

The temperature of the filter chamber can be varied during the filtration process to 
accomplish certain desired results. For example, when the filter cake is initially formed from 
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the slurry, the introduction of steam may initially condense some liquid from the steam before 
the cake and/or chamber rises in temperature to be above the condensation temperature. 
That condensed liquid then assists in washing the cake and carrying liquids out as filtrate. 
When the temperature of the cake is above the condensation temperature, the steam then 
further dries the cake as it passes through the cake. After the use of high temperature steam 
the chamber may need to be cooled before the cake is removed in preparation for the next 
filtration cycle. The introduction of drying or conditioning gas is used for that purpose. 

It should be understood that there will need to be suitable valving means at the 
filtrate exit port 44 to direct the desired filtrate from the chamber to its destination. If the 
desired product from the filtration process is a dry filter cake, the filtrate can be recycled or 
treated to other uses and the cake can be discharged to further processes. The fluids 
extracted from the slurry as filtrate may have several uses dependent upon the 
characteristics of the fluid being extracted. For example, the first extracted fluid may be 
used for one purpose while the later extracted fluid may have a different use. 

Due to the lower temperature threshold for operations of the filter apparatus versus 
the temperatures incurred in conventional heated drying equipment, the creation of volatile 
organic compounds (VOC) is reduced or possibly even eliminated 

The methods for pretreatment of the slurry with coagulants or polymers is intended to 
prepare the slurry for the creation of an initial slurry formation that will expedite the 
extraction of liquids from the cake. The pretreatment processes cause the cake to have 
more permeability and to have interstices that allow the passage of drying gasses through 
the cake and thus assist in the creation of a drier filter cake. The reduction in time and the 
reduction of volume of treating liquids or gases increases the efficiency of the pressure filter 
and the economics of the system and apparatus. The elimination of peripheral equipment 
that have in the past been needed to further treat or dry a filter cake reduces the space 
requirements for a filter system and reduces the utility requirements for operation of the 
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system. Whether it is the filtrate or the dried cake that is the product to be derived from the 
treatment of a slurry, the present system produces such products in shorter time and with less 
operating costs than other known available systems. 
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